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CHAPTER-I 
INTRODUCTION 
GENERAL STATEMENT : 
The term phosphorite as used at present, is confined to 
sedimentary rocks of marine origin with higher than usual 
contents of the phosphate. It is found frequently in sedimentary 
rock column of almost all ages since 22 m.y. B,P. (Early 
Proterozoic). Phosphorite is one of the basic raw materials 
for the manufacture of phosphatic fertilizers. It has an 
important bearing on the fertility of soils particularly in 
the developing countries. 
Prior to 1969, most of our phosphatic requirement was 
being met from Morocco, Jordon, Tunisia, Senegal, U.S.A., etc., 
because the domestic production in those days was negligible. 
The position, however, changed subsequently with the discovery 
of new phosphorite deposits of sedimentary origin. 
In India the phosphorite deposits of economic* importance 
are mainly reported from Rajasthan, Madhya Pradesh and Uttar 
Pradesh. In Rajasthan they are located at Udaipur, Barmer, 
Banswara, Alwar and Jaipur districts. In Madhya Pradesh they 
occur at Jhabua district. 
In Uttar Pradesh, the phosphorite deposits occur mainly 
around Mussoorie both on the northern and southern flanks of 
the Mussoorie syncline. Although in all about ten deposits are 
located but economic deposits are reported mainly from Maldeota 
and Durmala where phosphorite occurs in association with the 
stromatolites. The other phosphorite deposits include Masrana, 
Paritibba, Chamasari, etc. These deposits form a part of the 
sedimentary sequence and are associated within the ideal 
phosphatic suit of rocks, mainly, carbonaceous shales, chert 
and limestone. 
LOCATION OF THE AREA AND APPROACH : 
The area under investigation forms a part of the Mussoorie 
syncline of the Kumaon-Himalayas, located about 31 kms north of 
Dehradun and bounded by latitude 30 25' to 30 30' and longitude 
78°0'48" to 78°10'57" (Fig. 1). 
The phosphorite deposits occur in the mountaineous terrain 
and form an ovoidal outcrop with the perimeter of 120 kms. The 
phosphatic horizon is traceable from Landour Bazar east of the 
Mussoorie hill station in Dehradun district and extends south-
eastward into Tehri district north of Rishikesh. 
PHYSIOGRAPHY : 
The Dehradun-Mussoorie sector of Uttar Pradesh is included 
in the Lesser and Sub-Himalayas between Yamuna valley on the west 
and Ganga valley on the east. The first Siwalik range, rising 
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flG-l 
near Mohand, herald the approaching domain of the Himalayan 
geomorphology, vegetation, culture and geological setting. 
Looking northwards from Dehradun valley, the Mussoorie-
Narendranagar range (Nagitibba range) runs in northwest-southeast 
direction. North of this range lie a number of parallel to sub-
parallel hill ranges, highly dissected by the tributaries of the 
Yamuna and the Ganga river systems. 
FOSSIL RECORD : 
The chert-phosphorite member of the Lower Tal Formation 
in Lesser Garhwal Himalaya has witnessed a few fossil records 
of varied nature. Patwardhan (1978) reported moravaminids and 
Bhatia (1980) described them as dasycladacean cylindroporella 
algae of middle Jurassic to Upper Cretaceous age. Ahluwalia 
(1978) recorded upper Palaeozoic Foraminifera or Porifera (?) 
from this horizon. Srivastava (1974) mentioned about the 
presence of conodont like forms resembling fragmentary 
reminiscent of Gondolella indicating Triassic age of chert 
phosphorite member. 
Azmi, et al. (1980-81) discovered simple cone-conodonts, 
indicating precisely cambro-ordovician age to this chert 
phosphorite member exposed around Maldeota-Phosphorite mine. 
Tempted with this discovery Singh and Shukla (19 81), 
Kalia (1982) and Jain, et al. (1982) claimed to have found 
Upper Cretaceous annelids, Permian endothyrid-foraminifera 
and Lower Jurassic foraminfera respectively from this phosphorite 
horizon of Maldeota. 
PREVIOUS WORK : 
The Mussoorie phosphorites, which occur associated with 
chert, occupy the lower most unit of the Tal Formation, first 
identified by Medlicott (1864) at the Bidasini Tal sequence in 
the east of Ganga river in southwestern Garhwal. The Tal 
Formation was subsequently mapped by several workers (Mddlemiss, 
1887; Auden, 1937; Shankar and Ganesan, 1973; and Valdiya, 1975). 
Geology and stratigraphy of the Tal Formation has been 
studied by Ravishankar (1971, 1975). Azmi, et al. (1981), Singh 
and Shukla (1981), Kalia (1982), Jain, et al. (1982) have studied 
the micro-faunal contents of the Lower Tal phosphorites. 
Rao and Rao (1971), Dubey and Parthasarthy (1976), Raha 
(1970, 1972) and Rao and Gokhle, et al. (1974) described the 
mineralogy of the Mussoorie phosphorites. 
Geochemical studies were carried out by Mehrotra (1981), 
Saraswat, et al. (1970), Sharma (1974) and Raha (1973). 
Patwardhan and Ahluwalia (1973, 1974) and Bhargava (1974) 
discussed the origin of Mussoorie phosphorite and its palaeo-
graphic implications. 
Recently in 1981, various aspects of the phosphorite 
deposits occurring in the Mussoorie syncline were discussed 
in the fourth International Field Workshop and seminar on 
phosphorite organised under the aegis of International Geological 
Correlation Programme (I.G.C.P.) Project-156 in India by UNESCO-
lUGS, Indian National Committee for IGCP and the Geological 
Survey of India. 
AIM AND SCOPE : 
In agricultural countries lands require a vast amount of 
phospHatic fertilizers for agricultural purposes. Up to 1984 
the annual production of phosphorite and apatite was 834,000 
tonnes, out of which about 90% of the phosphorite used in the 
manufacture of phosphatic fertilizers and rest in the phosphoric 
acid and other chemicals, etc. 
The aim of present work is to make the comprehensive 
studies in parts of Mussoorie phosphorites which incorporates 
the following objectives. 
1. Geochemical characteristics of phosphatic and associated 
sediments in assigned area and their impact on phosphatic 
mineralization. 
2. Mineralogy of phosphatic sediments and their genetic 
significance. 
3. Texture and structure of phosphatic sediments and their 
role in understanding the physico-chemical environment 
which led to the concentration of phosphate in these 
sediments. 
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Geochemical, mineralogical, textural and structural 
studies carried out in the present investigation when 
corroborated together, may help in formulating a litho-
geochemical model which may be utilized in exploration of 
new phosphorite deposits under similar lithological associations 
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CHAPTER-II 
METHODS AND TECHNIQUES 
In order to achieve the required objectives the following 
scheme of investigation was adopted in the present study. 
SAMPLING PROCEDURE : 
With the help of geological maps of the investigated 
area as shown in figure-2 , sampling was carried out under 
the proper guidance of a party of scientists of Wadia Institute 
of Himalayan Geology, Dehradun. Samples were collected from 
outcrops, adits and quarry of PPCL mine. Regular spacing of 
sample location was not always possible. The sampling was done 
from three major lithological units, viz., phosphorites, shales, 
and underlying Krol limestones where it was found to be 
phosphatised. 
LABORATORY INVESTIGATION : 
(i) Microscopic Studies : 
Thin sections of the representative samples of different 
lithological units were prepared in the laboratory to study 
9 
the petrographic and mineralogical behaviour of phosphatic 
sediments of the area investigated. 
(ii) Analytical Studies : 
The samples were analysed chemicaliy 'i'^' r3.eterni.lne major 
constituents in the phosphatic sediments tjccording to the 
procedure followed by Shapiro and Brannoclc (3962). The procedure 
is described briefly as follows. 
(a) Powdering of the Samples : 
The rock samples were crushed and f.-ij-jally powdered in 
centrifugal ball mill in metallurgy laborntoryr Z*H» College 
of Engineering And Technology, Aligarh Muf;.TJrn University, The 
powder was sieved by standard sieve of -2 00 mesh. 
25 gm of the powder of each sample v/cis packed in polythin 
packs. 
(b) Preparation of Solution 'A' and 'B* j 
Solution 'A' and 'B* were prepared for the determination 
of various major oxides. Solution 'A' was ur;ed.|for SiO ajjd 
Al2 03- 0*1 gf^  of the sample powder and standards were decomposed 
by fusion with NaOH for five minutes in a nj.ckel crucible. Son" 
water was added after the melt cooled down ?ind allowed to ^ ta i 
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overnight till the melt disintigrated completely. Contents of 
each crucible were transferred to a one-litre volumetric flask 
and solutions were acidified with 2 0 ml of 1 : 1 HCl and made 
up to the volume. 
Solution 'B' was used for the determination of Fe-O-,, 
CaO, MgO, TiO^, MnO, Na20 and K2O. The powdered sample (0.5 gm) 
was moistured in a platinum crucible with one or two drops of 
concentrated HjSO. and 25 to 3 0 ml of hydrofluoric acid. The 
crucible was kept with lid over a steam bath. After one hour 
the lid was removed and the sample was allowed to be dried 
completely. The residue was transferred to 400 ml beaker, 
using minimum of water. The beakers were placed on a hot 
pl'ate and heated till the fume of SO- was driven off completely, 
10 ml of HNO^ was then added and the beakers were replaced on 
a hot plate. Each beaker was allowed to be heated till strong 
fumes evolved and any colour due to organic matters disappeared, 
Black precipitate of organic matter was removed by adding four 
drops of HClO^-HNOj (1 : 1) mixture. Hydrated zinc sulphate 
(0.2 per cent) was used to remove the brown precipitate of 
Mn02. The solutions were cooled to room temperature and 
transferred to 250 ml volumetric flasks and diluted the volume. 
CO2 was determined volumetrically. In a series of 250 ml 
beaker, 0.5 gm of calcium carbonate as standard and 0.5 gm of 
powdered sample were placed. 25 ml of hydrochloric acid (0.5 N5, 
was added to each beaker and allowed to remain overnight. The 
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remaining acid in beaker was titrated with sodium hydroxide 
(0.35 N) and bromophenol blue was used as an indicator, which 
gave yellow to blue end point. The calculation for CO2 in per 
cent was made as stated below. 
1. Calculate the acid alkali ratio, 25/volume of NaOH for 
• blank. 
2. Multiply each of the NaOH titration values by the acid 
alkali ratio. 
3. .Substract each figure obtained in step 2 from 25 ml HCl. 
This gives the HCl in millilitres consumed by the 
carbonates . 
4. A factor was obtained on the basis of titration of the 
standard CaCO^ (This standard contains 44 per cent C0„). 
44/HCl consumed by Standard Factor. 
5. Multiply each sample value for HCl consumed as obtained 
in step 3 by the factor to obtain C0„ in per cent. 
6. Where P2 0g is greater than few tenths of a per cent 
corrections were made by multiplying its value by 0.67 
and substracting this from the value obtained in step 5. 
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CHAPTER-III 
LITHOSTRATIGRAPHY AND GEOLOGICAL SETTING 
The lithostratigraphic sequence of rock types in the 
study area, according to the officers of Geological Survey 
•I 
of India (1971) is as follows. 
o 
H 
O 
EH 
Upper Tal 
Lower Tal 
Dark shaly limestone and calcareous 
sandstone and quartzite. 
Shale (fossiliferous at places). Massive 
arkosic sandstone or quartzite pebble 
bed and shale. 
Alternating quartzite, with shale/slate, 
ferruginous, siliceous or sandy-
sandstone. 
Black micaceous shale with pyrite, often 
carbonaceous, calcareous, splintery 
banded shale, buff coloured on weathering, 
silty shale and siltstone. 
Phosphate rock with thin intercalations 
of shale and chert. 
Bedded black chert with subordinate 
black shale and thin streaks of phosphate 
rock. 
KROL 
FORMATION 
- Greyish calcareous shale/argillaceous 
limestone. 
- Massive limestone/dolomite limestone. 
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KROL FORMATION : 
The Krol Formation' follows the Infra-Krol v/hich include 
slate and sandstone. The Krol was subdivided into A, B, C, D 
and E by Auden (1934) but further east in Trans-Yamuna region, 
he preferred a three-fold classification indicating Krol A as 
lower, B as middle and C, D and E as upper Krol. This has been 
broadly acceptable to almost all the subsequent workers. The 
generalised sequence is as follows. 
Upper Krol limestone and Dolomite (Krol C,D,E) 
Red shale (Krol B) 
Lower Krol limestone and shale (Krol A) 
The lower limestone (Krol A) horizon consists of banded 
limestone and shale. The limestone is generally light to dark 
grey in colour and bears crystalline calcite and black chert 
veins. 
The red shales (Krol B) are soft and thinly laminated 
and have blotches of green shale, as well as minor calcareous 
lenses. The maximum thickness is of the order of 90 m. 
The upper Krols are represented by dark grey dolomitic 
limestone sometimes bluish in colour. In the type area of this 
member in Himachal Pradesh, the upper Krol is divisible into 
C, D and E units. The veins and fracture fillings of calcite 
are found in these rocks. 
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TAL FORMATION : 
The Tal Formation which contains potential phosphorite 
horizon, overlies the Krol Formation. The thickness of lower 
Tal varies in different sections from 75 m to 880 m. The 
upper Tal varies from 70 to 1600 m in thickness. The sandstone/ 
quartzite of the upper Tal is white to purplish, current bedded 
and ripple marked. The sandstone is often pebbly, the pebbles 
are composed of vein quartz, green slate and abundant pink 
feldspar. 
The top most horizon of the upper Tal is a dark grey 
limestone, which contains abundant broken lamelli-branch, 
brachiopod and gastropod shells. 
The stratigraphy of the Tal formation has been worked 
out in greater detail, particularly in view of the fact that 
the economic deposits of phosphorite are restricted to its 
base. Details of the lithostratigraphy of the formation are 
given below. 
Lithostratigraphy of Tal Formation 
in parts of Mussoorie Syncline 
Subathu 
Group 
Upper 
Tal 
Formation 
Olive shale, shale-marl and 
limestone 
unconformity (?) 
(ii) Limestone member 
(shally calcareous 
grits) 
t -. 1 
vx; Q u a r t z i t e member 
Upper pa laeocene to 
Upper Eocene 
20 m Lower and /o r 
Middle 
xjiuu m c r e t a c e o u s 
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(sequence of quartzite, arkoses, grits and thin grey to 
green shales, red siltstone, often mudcracked) 
Lower 
Tal 
Formation 
Disconformity 
(iv) Calcareous member 
(iii) Arenaceous member 
(Massive banded 
siltstone/subgraywacke) 
(ii) Argillaceous member 
(a) Silty shale/ 
siltstone 
(b) Splintery shale 
(c) Finely cleaved, 
banded shale often 
calcareous buff on 
weathering 
(d) Black micaceous 
shale, pyritic, 
often carbonaceous 
and sandy 
(i) Chert member 
(a) Main phosphorite 
unit 
(b) Chert unit 
5 m 
300-500 m 
150 m 
10 m 
200 m 
Transition 
Zone 
Disconformity (submarine diastem) 
overlap-Transition at places 
Argillaceous limestone (often 
phosphatic) interlayered with 
thin streaks of phosphate rock 
and chert, brecciated at places 
Upper 
Krol 
Formation 
Light grey, argillaceous 
limestone purple and grey shale/ 
slate. Grey to bluish grey dolo-
mitic limestone and dolomites and 
associated shales. 
(with phosphorite horizon near 
Durmala village). 
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CLASSIFICATION OF TAL ROCKS : 
The phosphorite bearing sediments from the basal part of 
the Lower Tal series in the Himalayas. Since the work of 
Middlemiss (1885), the Tal sediments are often referred to 
as the only fossiliferous horizon in the lower Himalayas, 
Following the two fold classification proposed by Auden (1934) 
for these rocks, the quartzites and grits in Garhwal, are 
grouped in the Upper Tal series. The fossiliferous beds in 
Garhwal tend often to be conglomeratic and overlie unconformably 
a sequence of slates and volcanic ash beds. 
Around Mussoorie, however, no such conformable contact 
was marked either between the rocks grouped as Lower and Upper 
Tal series or between the underlying Krol sediments and the base 
of the Lower Tal series. 
Auden (1937) recognised a major break in deposition 
between the upper Tal quartzite and the overlying 'Upper Tal 
Limestone and Calc Grit'. Shankar (1971) found evidences of a 
disconformity between the calcareous member of Lower Tal and 
quartzite member of Upper Tal. Singh (1979 a, b) based on 
sedimentological studies interpreted a depositional break 
between the massive quartzite of Upper Tal and the overlying 
shell limestone which he separated from unfossiliferous Tal 
Formation and instead designated the new unit as 'Nilkanth 
Formation*. 
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On the basis of distinctive lithology, mappability, 
sharpness and easy recognition of contacts, the Tal rocks 
have been classified into two formations viz.. Lower Tal 
Formation and Upper Tal Formation. A break in sedimentation 
is also represented in some parts of the area on account of 
sharp change in the environment of deposition from essentially 
marine in Lower Tal to sub-aqueous or sub-aerial (non-marine) 
in Upper Tal Formation. The boundaries between the Lower Tal 
and Upper Tal Formation, is thus both natural and distinct. 
However, some workers consider that in most of the areas the 
rock types and their field relations suggest a continuous 
sedimentation without an apparent break. 
Lower Tal Formation : 
The Lower Tal Formation is further divisible into four 
members viz., chert, argillaceous, arenaceous and calcareous, 
depending upon the dominance of chert, shale, sand/silt or 
carbonate in the sediments. The boundaries of various members 
are more or less gradational. 
Phosphorite : 
The Mussoorie phosphorite deposit is associated with a 
black shale-chert-limestone succession, which is recognised 
as an ideal lithological setting for deposition of marine 
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phosphorites and is known in phosphate literature as the 
upwelling suit of rocks or the phosphorite suit of rocks. 
The sequence, chert-phosphorite-black shale, attains a 
maximum thickness of 2 00 m and conformably overlies the Krol 
Formation which is predominantly made up of limestones and 
dolomitic rocks. The main phosphorite horizon occurs between 
the chert and black shales, but thin layers of phosphorite 
intervene the underlying chert as well as the overlying black 
shales. This main phosphorite unit constitutes the upper part 
of chert member. The phosphorite layers are discontinuous and 
they inter-tongue with chert as well as the black shale beds, 
but the total suite is known to occur discontinuously for a 
strike length of over 12 0 km occurring along both the limbs 
of a regional synform known as the Mussoorie syncline. The 
thickness of horizon is not uniform as is also the thickness 
of the underlying chert and the overlying black shales. 
At many places, the phosphorite horizon is seen directly 
overlying the Krol limestone without any unconformity. In such 
situations, the Krol limestones are also known to contain in 
their upper layers, bands of phosphorite (Ghosh, 1968; Patwardhar 
and Ahluwalia, 1973; Raha, 1973). 
The chert-phosphorite-black shales sequence is repeated 
several times but towards the top of the succession, the black 
shale predominates and towards the bottom of the succession the 
chert predominates. Thin limestone bands, 2-3 cm in thickness, 
become more and more visible towards top of this phosphorite 
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succession and so is the distribution of pyrite. The phosphorite 
also becomes stromatolitiC/ showing megascopically discernible 
stromatolitic layers and columns towards the top of the 
succession. 
Upper Tal Formation s 
The Upper Tal Formation is subdivided into a Lower 
quartzite member and Upper limestone member. This formation 
is very thin as compared to the Lower Tal Formation. 
Transition Zone : 
Though a lithological transition is not seen at many 
places due to tectonically disturbed contacts in few localities 
like Maldeota, Durmala and Bhusti, the transition between the 
underlying Krol limestones and the phosphorite suit is well 
marked. Shankar (1975) and Banerjee and Narain (1976) also 
report such a transition zone between the Krol limestones and 
the phosphorites. 
Structure : 
The Krol and Tal formations w^ iich have a thrust contact 
v/ith the Jaunsars, form a syncline the whole of which appears 
to have been tilted to the south. The strike of these beds 
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varies from NlO w to N55 W. A few reversals at places indicate 
refolding of the tormations resulting in local synforms and 
antiforms, e.g., in the Pari Tibba-Chamansari area, southeast 
of Mussoorie, where folding has caused thinning and thickening 
of the formations. Outcrops are seen at various elevations 
depending upon the degree of erosion at any given place. 
Principal streams in the area generally follow fault traces. 
Faulting has resulted in the development of steep scarps which 
often display shearing, shattering and drags in the formations 
DESCRIPTION OF PHOSPHORITE DEPOSITS OF SELECTED BLOCKS : 
(i) Maldeota : 
In Maldeota area the phosphorite band has been divided 
into two parts (a) Maldeota East and (b) Maldeota West (main 
block). The two parts being separated by Bandal river. 
(a) Maldeota East : 
The eastern part is composed of three blocks from east 
to west, namely, (i) Chiphaldi, (ii) Dubra and (iii) Mathet. 
The phosphorite is found with or without chert and associated 
shales. At places, it directly overlies the Krol limestones, 
where thin streaks of phosphate material (up to 2 cm thick) 
are seen occurring in some of the adjoining carbonate and 
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bedding planes, replacing some of the adjoining carbonate 
material and thus rendering the limestone slightly phosphatic. 
(b) Maldeota West : 
The block lies to the west of Bandal river and covers 
1.5 km of Krol-Tal contact between Tamotawala and Timli 
villages« The block forms in part the southern limb of 
Mussoorie syncline. The general geological set-up in the 
area confirms with the regional setting. The maximum thickness 
of massive chert noticed near Surkhet is 25 m and it is 
decreasing gradually on either side. 
Phosphorite unit occurs towards the upper part of the 
chert member. Wherever, the black chert bed is not developed, 
phosphatic unit directly overlies the Krol limestone and 
dolomite. The average thickness of the phosphate unit in 
outcrop varies from 0,45 m to 7.8 m and the grade varies from 
15% to 30.9% of P2O5. 
(ii) Masrana Block : 
Masrana block is located at a distance of 11 km from 
Mussoorie on Mussoorie Tehri Motor road. It is the e tward 
continuation of Kimoie block. The Krol-Tal contact 1 :s for 
a distance of 3 km. The general geological set up of Masrana 
block is more or less in conformity with the regional picture. 
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The contact between chert and the Krol limestone is well 
defined. Towards the southern part of Masrana spur, it is 
marked by a zone (one meter thick) of chert-limestone alterna-
tions, representing perhpas the passage beds from Krols to Tals 
Chert member is 52 m thick and passes into the Argillaceous 
member with 15 m thick transition zone comprising alternating 
chert and shale sequence. The shale percentage gradually 
increases towards the upper part of transition zone. The 
phosphatic bands are mainly concentrated in the transition 
zone. The analytical results of a few sections indicate the 
presence of 15 phosphatic bands. However, out of these, four 
bands have been traced for a map length of about 1.4 km. 
The chert shale-phosphorite sequence (chert member) of 
Lower Tal Formation ranges up to a thickness of 60 m with rock 
phosphated and associated with 0,20 m to 8.5 m thick chert-
shale bands. Phosphate rock is commonly concentrated towards 
upper part of chert-shale phosphorite sequence. Chert or black 
shale are poor in phosphate content. 
(iii) Durmala Block : 
Durmala phosphate deposit is situated on the northern 
limb of the Mussoorie syncline between Masrana and Bhusti 
blocks. It is about 10 kms from Mussoorie in S70°E direction. 
Massive limestone/dolomitic limestone and calcareous shale of 
Krol and the overlying member of Lower Tal Formation are the 
main rock types met within the area-
vV ii * 
. •— 1 
I N D E X 
|_^- 1 Tectonic outliers 
1 3 1 Upper Tol 
1 2 1 Lower Tol 
1 1 1 Krol limestone 
\^=^\ Rood 
F——^ Roilwov 1 
FIG.-3 
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The analytical results of the samples collected by-
Geological Survey of India's officers indicated the presence 
of prominent phosphorite zone over a strike length of 1.52 km. 
The thickness of the zone varies from 3 m to 9 m and P^O content 
ranges from 2 3.6% to 32.5%, apart from the main band of phosphate, 
the presence of another small band with thickness varying from 
0.6 m to 1.5 m and the P2OC content analysing between 11.5% to 
27% has been revealed in three sample lines spread over a 
distance of 550 m. The two bands are separated by chert and/or 
shale, often phosphatic, varying in thickness from 2 m to 5.7 m. 
The smaller band contains granular type of phosphorite, whereas 
the major band is dominantly of bedded-platy type of phosphorite 
with occasional laminae of granular and lenticular varieties, 
RADIOACTIVITY IN PHOSPHORITE AND ASSOCIATED HORIZONS : 
Radioactivity is confined to the phosphorite, chert and 
carbonaceous shale horizons, which carry phosphorite lenses. 
The phosphorite horizon varies in thickness from about 1 m to 
5 m but radioactivity is restricted to the bottom-most 0.3 m 
to 1.5 m. 
The chert horizon, which is lenticular, variable in 
dimensions and which overlies the phosphorite, is about one 
meter thick. The carbonaceous shale that overlies the chert 
horizon, has a variable thickness which at places, is as much 
as 15 to 2 0 meters. The chert is not everywhere radioactive but 
vvhen radioactivity is observ<=d in it.- it i^ . -^ n^nnd to be localised 
to the bottom 1/2 meter of its thickness. The black shales are 
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feebly radioactive through out, but carry higher radioactivity 
in portions in which phosphorite lenses occur. This is particu-
larly true of the basal one meter thick portion of the horizon 
which immediately lies above the main phosphorite bed. 
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CHAPTER-IV 
PETRO-MINERALOGY 
The petro-mineralogical study of the phosphorite samples 
collected from mine as well as exposed ourcrops is carried out 
in order to identify phosphate minerals as well as other 
associated gangue constituents, texture and structure of the 
phosphorite. The phosphorite samples collected from mine are 
greyish black in colour whereas those collected from outcrop 
are brownish green in colour. 
It has been observed that the dominant phosphate mineral 
is cellophane with some dahllite while calcite and dolomite are 
the chief gangue constituents. Quartz, chert, pyrite, occur 
sporadically in variable and insignificant amount. 
COLLOPHANE : 
Cellophane is cryptocrystalline mineraloid having a 
composition 3Ca3(PO^)2 Ca (CO2F2O) H2O, Kerr (1959), i.e. 
carbonate hydroxyl fluorapatite and is the most common 
constituent of the phosphorite of- all varieties in this area. 
The colour of the cellophane ranges from greyish yellow to 
greenish black in these sections, irregular fracture and no 
cleavage. It is isotropic to weakly anisotropic under crossed 
28 
nicols and contains dot like inclusions without any preferred 
orientation (Pl. II, Fig. 3). 
The different textures encountered in the phosphatic 
material are described as follows. 
(i) Ovulite : 
It is composed of well sorted ovoidal to spheroidal and 
elongated aggregate masses. The aggregate possess a modal 
diameter of 0.0002 mm to 2 mm (Pl. I, Fig. 1). 
(ii) Microaphanite : 
It is composed of interlocking grains having sutured 
arrangement and the modal diameter is less than 0.0002 mm 
(Pl. V, Fig. 9). 
(iii) Combination of ovulite and microaphanite : 
This type of texture is also noted in some of the slides 
(Pl. V, Fig. 9). 
(iv) Interstitial Cellophane : 
The cellophane is seen to occur interstitially in the 
voids between calcite, quartz and feldspar grains. The colour 
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of interstitially occurring collophane is greenish and it is 
isotropic (Pl. IV, Fig. 7). 
(v^  Massive Collophane : 
Massive collophane is dark greyish in colour and at places 
replaces the calcite. This variety is intensely intersected by 
numerous calcite veins (Pl. IV, Fig. 8). 
NATURE OF OCCURRENCE : 
The nature of occurrence of phosphate minerals is noted 
below. 
(i) Ovules : 
Ovules are isolated bodies that are circular, ovoidal to 
elongated and widely scattered in the matrix. They range in 
size from 4 microns to 89 microns but the average is 30 microns. 
The ovules consist of two distinct parts - the nucleus 
and the envelope. The nucleus comprises of detrital silica and 
occasionally detrital carbonate. The envelope is essentially a 
structureless body. The margins of the ovules are regular and 
uniform, complete but often crenulated, which may be due to the 
replacement phenomenon (Pl. II, Fig. 3).. 
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(ii) Pellets : 
The pellets are composed of dark grey to brownish grey 
isotropic collophane, enclosed in a carbonate matrix. The 
boundary between these pellets and the ground mass is generally 
irregular though sharp with no visible replacement relation. 
Inclusions of angular small clastic quartz grains are seen in 
these pellets (PI. II, Fig. 4). 
(iii) Nodules : 
Nodules are in the shape of smaller ovoids which are 
composed of dark grey to greyish brown anisotropic collophane 
embedded in a cementing material consisting of calcite (Pl. I, 
Fig. 2). 
(iv) Oolites : 
These have numerous concentric layers on the envelope 
having nucleus of carbonate (Pl. I, Fig. 1). 
DAHLLITS : 
Dahl l i t e i s co lour less t o pale-brown in colour and occurs 
as hexagonal c r y s t a l s in f ine grained aggregate and has moderate 
r e l i e f . The b i re f r ingence i s weak and in t e r f e rence colours are 
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bluish grey to white of first order. Extinction is parallel. 
Dahllite is much like apatite but it is a secondary mineral. 
Under microscope dahllite shows a rim surrounding the collophane 
in nodular and oolitic varieties of phosphorite (PI. I, Fig. 1). 
CALCITE : 
Calcite is the principal carbonate mineral having the 
composition CaCO . It is usually colourless and occurs as 
rhombohedral crystals which are usually subhedral, occasionally 
anhedral and rarely euhedral. They are equi-dimensional and the 
polysynthetic. twinning is parallel to the long as well as short 
diagonal of rhombs. It is recognised by its high birefringence, 
perfect rhombohedral cleavage and marked change in relief on 
rotation of stage in plane polarized light. The interference 
colour is pearl grey or white of the high orders. The extinction 
is symmetrical to the cleavage traces (Pl. Ill, Fig. 55. 
DOLOMITE : 
Dolomite has the composition CaMg(C0^)2. The crystals 
are usually subhedral to euhedral and twin lamellae parallel 
to short diagonal. It has rhombohedral cleavage, high birefrin-
gence (light white) and marked change in relief on rotation of 
the stage in plane light (PI. IV, Fig. 7). 
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QUARTZ ; 
Quartz is distributed in the entire rock mass with its 
major part in the matrix. The grains are angular to subrounded 
and the size ranges from 4 to 45 microns. The minerals shows 
wavy extinction and occurs in the following forms. 
(i) Microcrystalline : 
The grains exhibit a mosaic pattern and the contact with 
the different grains is tortuous (Pl. IV, Fig. 7). 
(ii) Cryptocrystalline : 
It is fine grained with wavy extinction (Pl. Ill, Fig. 6) 
PYRITE : 
Pyrite is the most common iron mineral present in the 
unweathered rock phosphate. It occurs as subhexagonal lumps 
and tortuous streaks. It ranges in size from 10 microns to 
89 microns, the average being 25 microns. In polarized light, 
the colour is steel grey having high relief. Under crossed 
nicols it is isotropic. In reflected light it is brass yellow 
in colour. It is intimately associated with phosphate (pi. Ii, 
Fig. 4). 
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REPLACEMENT : 
The mutual replacement of phosphate, carbonate and silica 
has been found in these sediments. 
The carbonate material penetrates into ovules of cellophane 
and as the intensity of replacement increases it becomes thicker 
replacing the phosphate material completely as has been shown in 
Plate-il, Figure-3, when intensity is low the phosphatic material 
is partially replaced (PI. I, Fig. 2). The replacement is also 
observed in matrix. Many a times the phosphate pellets are 
embedded in a carbonate matrix which indicates a replacement 
of original phosphate by carbonate or intrabasinal transport 
of earlier formed phosphate pellets and their redeposition 
contemporaneous with the precipitation of chiefly carbonate 
mud (PI. II, Fig. 4). 
VEINS : 
Veins are seen cutting across the cellophane. Calcite 
vein is seen in phosphate matrix (Pl. IV, Fig. 8). In some of 
the slides quartz vein is seen in calcite and dolomite matrix 
(PI. IV, Fig. 7). Alternate veins of massive cellophane and 
quartz have also been noted (Pl. Ill, Fig. 6), 
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CHAPTER-V 
GEOCHEMISTRY OF PHOSPHATIC SEDIM51\fTS 
GENERAL STATEMENT : 
Phosphorus was discovered by Henning Brand in 1669. 
Because of its occurrence and involvement in inorganic and 
biological processes in such major shells of the earth as the 
hydrosphere, lithosphere and biosphere, phosphorus is a very 
important element in the geochemical cycling and mass transfer 
in the continent - ocean interface (Lerman et al., 1975). 
It is the second member of nitrogen family in the Group V-A 
of the periodic system of classification. Its atomic number 
is 15. 
Omitting the basic elements of hydrosphere, lithosphere, 
biosphere and atmosphere (O, C, N, H ) , P is the eighth most 
abundant element in the crustal earth. The average value for 
the crustal earth is 1010 parts per million whereas the 
sedimentary arc of the geochemical cycle contains 400 (limestone) 
to 700 (shales) ppm of P (Turekian, 1973). On the other hand, in 
the hydrosphere the fresh water contains only 0.02 ppm P and the 
sea water 0.088 ppm P. The geochemistry of sedimentary phosphates 
centres around the geochemical behaviour of apatite in marine 
environment. Apatite represents a group of minerals containing 
^ +2 ^ „^ -2 
Ca and PO^ as essential constituents. 
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The most commonly observed species of phosphate is the 
carbonate fluorapatite, which may be an intermediate species 
on the solid solution series of the two end members. Nodular 
phosphates commonly contain carbonate hydroxyapatite. In carbon-
ate apatite, up to 15 per cent carbonate is present in the 
lattice and the total carbonate content depends on the rapidity 
of metasomatic replacement of calcite by the phosphatic alkaline 
solutions. 
Aqueous Chemistry of Phosphorus : 
Some features of phosphorites, of interest to its 
chemistry of formation are -
1. Association with carbonate minerals. 
2. Presence of black-shale, pyrite and other features of 
reducing environment. 
3. The role of organic and inorganic processes in influencing 
the concentration and precipitation of phosphates. 
4. Occurrence of sedimentary apatite involving extensive 
isomorphous substitution of both cations and anions. 
GEOCHEMISTRY : 
The rock samples of phosphatic and associated sediments 
of different lithological units in investigated area were 
analysed for major elements in order to determine elemental 
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distribution and their bearing on genetic significance. The 
complete results of the major elements are given in Table-I 
and plotting of various oxides is shov/n in figures 4 to 32. 
The distribution of various oxides in different rock types is 
given as follows. 
Phosphorites : 
The phosphorites overlie black shales. In these rocks 
P20^ ranges from 10.30% to 31,10% having an average of 20.60%. 
CaO IS high and varies from 23.10% to 42.90%. MgO is low and 
lies between 0.90% to 6.10%. SiO is moderate and it ranges 
from 6.10% to 20.50%. AI2O3 is found to vary from 0.30% to 2.00%. 
Both Na2 0 and K2O are low being around 0.06% to 1.01% and 0.03% 
to 1.38% respectively. 
Iron has been determined as Fe„0 and FeO which is 
slightly higher due to the presence of pyrite and varies from 
2.16% to 24.9% and 0.30% to 1.90% respectively. CO2 ranges from 
5.59% to 22.95%. Loss on ignition was obtained to be varying from 
1.12% to 2.59%. 
Shales : 
Shale is composed of thin bands of chert. P^O^ content is 
generally lov; and ranges from 6.30% to 15.70%. CaO is moderately 
high varying from 38% to 43.40%. MgO is low and lies between 
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1.50% to 2.40%. Due to the presence of chert SiO_ content is 
slightly high and ranges from 20.10% to 24.05%. Al^O is low 
and varies from 1.20% to 2.60%. Fe 0 is again low and is about 
4.59% to 9.80%, while FeO concentration is 0.74% to 0.99%. Both 
Na20 and K2O are also low and vary from 0.16% to 2.59% and 0.15% 
to 3.10% respectively. MnO is not determined and C0„ varies from 
7.62% to 8.93%. Loss on ignition is 1.83% to 2.15?/o. 
Krol Limestone ; 
In Krol limestone the P^ '^ c content is in traces and CaO 
is 43.20%. MgO is about 16.90% and Si02 is 10.12%. Both Na20 
and K-0 are low in amount and are 0.90% and 0.60% respectively, 
AI2O3 and Fe^O^ are 0.80% and 2.34% respectively. Loss on 
ignition is 1.58%. MnO and Ti02 were not detected. 
DISPERSAL OF VARIOUS CHEMICAL CONSTITUENTS : 
The representative samples of various lithological units 
of the area were analysed for the determination of the constitu-
ents such as P2O5, CaO, MgO, Si02, Al203# ^^2^3' ^^°' ^^2°' ^2°' 
H2O and CO . The distribution of these constituents, show a 
wide variation from rock to rock in various lithological units 
of the area which is as follows. 
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Phosphorus Pentaoxide : 
The percentage of PpOc in phosphorite i s qu i te higher 
and var ies from 10.3 0% to 31.10% and in shale i t i s 6.3 0% to 
15.70% and in Krol limestone i t i s too l e s s to be determined, 
as given in the Tab le - I l and shown in f i g u r e - 4 . 
Calcium Oxide : 
The CaO percentage in phosphorite varies from 2 3.10% to 
42.90%, while in shale it is slightly higher and varies from 
38% to 43.40%. In Krol limestone it is 43.20% only as shov/n in 
Figure-5. 
Magnesium Oxide : 
The MgO percentage is comparatively low in phosphorites 
and varies from 0.90% to 6.10%. in shale, it is 1.50% to 2.40% 
and in limestone it is 16.90% (Fig. 6). 
Silicon dioxide : 
In phosphori te Si02 content var ies from 6.10% to 20.50% 
and i t i s s l i g h t l y higher in shale varying between 20,10% to 
24.05% while in limestone i t i s 10.12% (Fig. 7 ) . 
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FIG.4'D1STRIBUTI0N OF P2C^IN 1. PHOSPHORITE 
2. SHALE 3. LIMESTONE . 
iO 
FIG.5-DISTRIBUTI0N OF CaO IN 1. PHOSPHORITE 
2. SHALE 3. LIMESTONE . 
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FIG.e-DISTRIBUTIONOFMgO IN 1. PHOSPHORITE 
2.SHALE 3.LIME5TONE. 
42 
FIG.7-DISTRIBUTI0N OF 5i02 IN l-PHOSPHOPITE 
2.SHALE 3. LIMESTONE. 
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Alumina : 
The percentage of Alumina (AI^O^) in all these phosphatic 
and associated sediments is quite low. It ranges from 0.30% to 
2.00% in phosphatic rocks, 1.2 0% to 2.60% in shale and 2.34% in 
limestone (Fig. 8). 
Ferric Oxide : 
The percentage of Fe^O in phosphorite varies from 2.16% 
to 24.90% which is much higher in these rocks than the others. 
It indicates more iron content due to the presence of pyrite. 
In shale Fe2 0 ranges from 4.57% to 9.80% and it is 2.34% in 
limestone as shown in figure-9. 
Ferrous Oxide : 
Figure-10 indicates that the percentage of FeO in 
phosphorite varies from 0.27% to 2.60% and much lower in 
shale lying between 0.74% to 0.99% and it is 1.80% in limestone. 
Sodium Oxide : 
Na20 percentage is very low in all these phosphatic and 
associated sediments. Phosphorites contain 0.06% to 1.01% of 
Na2 0 v/hereas it is 0.16% to 2.59% in shale and 0.9 0% in limestone 
as shov/n in Figure-11. 
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FIG.8-D1STRIBUTI0N0F AI2O3 IN 1.PHOSPHORITE 
2. SHALE 3. LIMESTONE. 
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FIG.9-DI5TRIBUT10N OF Fe203 IN 1. PHOSPHORITE 
2 SHALE 3 LIMESTONE. 
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FIG.10-DI5TR1BUTION OF FeO I N 1- PHOSPHORITE 
2.SHALE 3.LIME5TONE. 
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FIG.ll-DISTRIBUTION OF Na20 IN 1. PHOSPHORITE 
2.SHALE 3. LIMESTONE. 
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Potassium Oxide ; 
The percentage of K^O is also very low in all these 
sediments which vary from rock to rock according to lithological 
variation. In phosphorite it varies from 0,03% to 1.38% and in 
shale it lies between 0.15% to 3.10% while in limestone it is 
0.60% as shown in Figure-12. 
Water (H^ Q"*") : 
The p e r c e n t a g e of H-^ O i n p h o s p h o r i t e v a r i e s from 1.12% 
t o 2.59% and i n s h a l e i t i s 1.83% t o 2 .15% w h e r e a s i n l i m e s t o n e 
i t i s 1.58% ( F i g . 13) . 
Carbon d i o x i d e : 
The p e r c e n t a g e o f CO i s h i g h e r i n t h e s e r o c k s due t o 
t h e p r e s e n c e of c a l c a r e o u s m a t t e r . I n p h o s p h o r i t e i t v a r i e s 
from 5.57% t o 2 2 . 9 5 % . I n s h a l e i t l i e s b e t w e e n 7.62% t o 8.93% 
w h i l e i t i s 20 .39% i n l i m e s t o n e ( F i g . 1 4 ) . 
RELATIONSHIP OF P Q O ^ W I T H OTHER MAJOR ELEMENTS: 
In o r d e r t o a s c e r t a i n t h e p h y s i c o - c h e m i c a l n a t u r e of t h e 
b a s i n of d e p o s i t i o n and c o n d i t i o n s which l e d t h e c o n c e n t r a t i o n 
of ^2^3 ^^ t h e s e s e d i m e n t s , i t i s d e s i r a b l e t o f i n d o u t t h e 
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F1G.13-DISTRIBUTI0N OF H2O IN 1- PHOSPHORITE 
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FIG.14-DI5TRIBUTION OF CO2 IN 1- PH05PH0 RITE 
2. SHALE 3. LIMESTONE. 
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relationship between the various elements. In the present study 
an attempt has therefore been made to find out the behaviour of 
various chemical components and the relationship of ^^0 with 
other elements in phosphatic sediments. The author has also 
tried to establish a geochemical inter-relationship between 
oxides other than phosphorus penta-oxide to ascertain the 
influence/interference of one in presence of another. The 
results so obtained are discussed below. 
P Q O C VS« ^^^2 * 
The relationship between SiO- and T^j^s ^^ represented by-
plotting SiO- against Po^s ^^ Figure-15, for phosphatic sediments 
of Maldeota and Durmala. It has been observed than an inverse 
relationship exists between these two oxides indicating thereby 
a gradual removal of SiO- by P^ ^^ B* 
£2-5-Z£^—2§2 • 
The plotting of P^ c^ against CaO shows a positive 
co-relation (Fig. 16). This relationship indicates that CaO 
increases with the increase in Pn^S content in phosphatic 
environment. 
P^ Og vs. MgO :. 
The relationship of P2O5 with MgO for phosphatic sediment; 
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i^5 
is shown in Figure-17. An inverse relationship is obtained in 
all these rock types which indicates gradual replacement of MgO 
by P2O5 during diagenesis. This relationship was supported by 
the experiments carried out by Martens and Harris (1970) who 
2+ 
calculated that Mg ions inhibit the precipitation of apatite 
2+ 2+ 
because Mg competes with Ca for sites in the apatite structure 
due to which a decrease in MgO content occurs during Py^c enrichm* 
P^Og vs. NapO : 
These rocks have very low Na^ O content and when Po'^ c i s 
p lo t t ed aga ins t Na^O an inverse c o - r e l a t i o n i s obtained for the 
phosphatic sediments (Fig . 18 ) . 
This r e l a t i o n s h i p i n d i c a t e s t ha t Na20 decreases with the 
increase of P^^S ^^'^ v i c e - v e r s a . 
£2.25 ^^- ^2° '• 
KpO content is also very low in these rocks. The plotting 
of P2O5 against K2O also shows an inverse relationship like Na20/ 
indicating a gradual decrease in K^O with the increase in PpO 
content (Fig. 19). 
P2°5 ^^' ^^2^3 
A negative co-relation is obtained by plotting Al~0-
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against P-jOc: (Fig. 20) for phosphatic and associated sediments. 
This inverse relationship shows that P2O5 content decreases with 
the increase of alumina and vice-versa. 
£2-^ 5 ^^- ^ 2^-^ 3 
The relationship between P2O5 a^ <^  ^ 2*^ 3 ^^ shown in 
Figure-21 for phosphatic and associated sediments. An inverse 
relationship is noted indicating a decrease in Fe^O^ content 
with the increase of Pn^^ content. In some samples of pyriti-
ferous phosphorite the percentage of Fe202 is comparatively-
high due to the presence of pyrite resulting a curvilinear trend 
in the representative graphical figure. 
Presence of pyrite in the phosphorite indicates a reducing 
environment at the time of deposition. Experimentally it has been 
observed that concentration of iron takes place at medium Eh but 
slightly at higher pH (7.5) (Sherman, 1952). 
P^Og vs. H^O : 
The water content in phosphatic sediments varies from 
1.12% to 2.59% which indicates that these rocks have a greater 
water adjustment capacity because it increases with the increase 
in phosphatic content and vice-versa as shown in Fiqure-22. 
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P^On VS. CO^ : 
Figure-2 3 represents the relationship between Po^c s^ d^ 
C0„. An insignificant inverse-correlation is obtained between 
these two. This indicates that during the phosphatization the 
sea became enriched in phosphate content by lowering in pH due 
to release of CO^ in shallow marine environment which is subjected 
to continuous chemical changes with mixing of various types of 
material brought by the rivers, etc. 
CaO/MgO vs. NapO/K^O : 
CaO/MgO varies from 2.56 to 41.00 and Na2 0/K2 0 ranges from 
0.15 to 3.53 in phosphatic sediments (Table-Ill). These ratios 
are plotted in Figure-24 which indicates that ratio of calcium 
oxide and magnesium oxide percentage increases with the increase 
in the ratio of alkalies. 
CaO/MgO vs. FeO + Fe20-,/Al203 : 
FeO + '^^2^2'^^'^2^'i varies from 1.76 to 13.75 in phosphatic 
and associated sedinients (Table-iv) . As shown in Figure-25, the 
total iron/alumina decreases with the increase in CaO/MgO ratio. 
It is evident from the plot that with the increase of lateritic 
or bauxitic constituents i.e Fe^O^ and AI2O3 the ratios of CaO/MgO 
decreases v/hich indicates that the limestone and dolomites can 
G4 
CM o 
o 
50 
AO 
30 
20 
10 
0 
• MALDEOTA P HOS PHORI TE 
o DUR MALA PH OSPH 0 RI TE 
A S H A L E 
+ K R O L L I M E S T O N E 
± 
10 25 30 35 15 20 
Vo f^ O5 
FIG.23-THE RELATIONSHIP OF P2O5 WITH CO2 IN PHOSPHATIC 
SEDIMENTS OF MUSSOORIE. 
65 
10 
9 {-
8 
o 
is: r u 
3 
2 
1 
o 
o 
5,,--' 
1 
A 
1 
• MALDEOTA PHOSPHORITE 
o DURMALA PH OSPHORI TE 
^ S H A L E 
+ KR OL L I M E S T O N E 
0 10 20 30 AO 50 €0 70 gO 9O 100 
CaO/MgO 
FIG.2A-THE RELATIONSHIP OF CQO/MgO WITHNc^/KaO 
IN PHOSPHATIC SEDIMENTS OF MUSSOORIE. 
o8 
O 
+ 
O 
CM 
6 
SC-
AB-
AO 
35 
30f-
25 
20 
)5 
10 
5 
0 
• MA L DEO TA P H O S P H O R I T E 
o D U R M A L A PHOSPHORITE 
A S H A L E 
+ K R O L L I M E S T O N E 
10 20 30 40 
°/o CaO-HMgO 
50 
+ 
go 70 80 
FIG.25-THE RE LAT 10NSHIP OF CaO+MgO WITH FeO+Fe2 03-l-Ti O2 
IN PHOSPHATIC 5ED1ME NTS OF M U S 5 0 0 R I E . 
67 
not be formea under the conditions that favour lateritic or 
bauxitic formation. 
CaO + MgO vs. NapO + K^O : 
CaO + MgO % varies from 36.60% to 60.10% and NajO + K^O 
varies from 0.09% to 5.60% (Table-V). The plotting of total 
oxides of calcium and magnesium versus total oxides of sodium 
and potassium reveals that total lime and magnesia increase with 
the increase in sodium and potassium (Fig. 26). 
CaO + MgO vs. FeO + F^Q*^? "*" '^''-^2 * 
The relationship between total lime and magnesia and 
total iron + Ti02 in phosphatic sediments is shown in Table-VI 
and Figure-27 which indicates that total lime and magnesia 
increase with the decrease in FeO + Fe^O, + TiO^ content. 
Al203-^2° - Si02 = 
The principal group of constituents not related to apatite 
composition are those forming the quartz silicate group of 
minerals. Figure-28 shows the relationship between Al^O - K^O -
Si02 to one another for phosphatic and associated sediments. The 
plot reveals the increase of SiO^ content with lower concentration 
of AI2O3 and K2O (up to 10 per cent). It should be due to the 
68 
10 
9 
8 
7 
6 
5 
3 
2 
1 
A 
• M A L D E OTA PHOSPHORITE 
o DU R M A LA PHO SP HORITE 
A S • hi A L 
+ KROL LI M E S T 0 N E 
0 10 20 30 40 50 
°/oCaO+MgO 
60 70 
FIG.26-THE RELATIONSHIP OF CaO+MgO WITH Na20 + K20 
INPH05PHATIC SEDIMENTS OF MUSSOORlE. 
80 
69 
o 
o 
+ 
o 
• MALDEOTA PHOSP HORITE 
o DU RMA LA PH OSP HCRITE 
A S H A L E 
+ K R C L L I M E S T O N E 
10 20 30 40 50 60 70 80 90 100 
CaO/MgO 
FIG.27-THE RELATIONSHIP OF CaO/MgO WITH FeO + Fe203/AI2O3 
IN PHOSPHATIC S E D I M - E N T S OF MUSSOORIE. 
AI2O3 A100 
70 
10. .90 
20. ,%o 
• PHOSPHORITE, MALD 
o PHOSPHORITE, DUR. 
A SHA LE 
+ L IMESTONE 
30. .70 
AO, 60 
50/ 50 
6 0, z,0 
70. .30 
20 
'00 ,^^ 
10 20 30 
_y_ 
AO 50 60 70 
^" A ) ' • . 
_^ z_ 
80 
\ • 
-v_ 
90 100 
Si 02 
F1G.28-TRIANGULAR DIAGRAM SHOWING THE RELATION OF 
A[203-K20-Si02 IN PHOSPHATIC SEDIMENTS O F 
MUSSOORIE. 
71 
supply of free silica or chert to these sediments in different 
proportions alongwith other silicate minerals. Table-VII represents 
the recalculated values to 100 weight per cent of Al^O - K^O -
SiO^. 
PETROCHEMICAL FIELDS AND TRENDS : 
The idea of this study was taken from Green and Poldervaart 
(1958). Though it is difficult to drive a general trend for 
sedimentary rocks due to the complex physico-chemical conditions 
which brought out these rocks, topography of source high lands 
and sea floor. An attempt is made here to suggest the fields and 
trends for the phosphatic and associated sediments. 
Aln03 + ^Q2°3"^ ^^° " ^^°2 " ^^° "*" ^^^ 
On the basis of suggestion made by Mason (1965) the 
sedimentary averages are plotted in a Al^O + Fe„0 + FeO -
Si02 - CaO + MgO triangular diagram as shown in Figure-29. 
It is assumed that in most of the phosphorite samples Al^ O-, + 
Fe202 + FeO is between 5-10% and reaches up to 19% with SiO 
11% to 29% and CaO + MgO is 52-75%. The points are scattered 
near the corner of CaO + MgO indicating the variation of these 
contents. The recalculated values of AI2O0 + ^^ oO-:. + FeO, SiO-
and CaO + MgO are given in Table-VIII. 
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CaO - NapO - K^O : 
This diagram shows concentration of points on Ca corner 
indicating a low matrix (Table-IX, Fig. 29). 
MqO - CaO - AI2O3 : 
Figure-30 shows the average of oxides, plotted on 
triangular diagram expressed as oxidic weight per cent. The 
MgO - CaO - Al^O diagram shows concentration of points on 
CaO corner indicating a low matrix content (Table-X). 
MqO - CaO - ^e^O^ + FeO : 
The diagram, MgO - CaO - Fe^O + FeO shows the variation 
of these contents, where the plotting points are spreading 
towards Fe„0 + FeO side with the percentage varying between 
6% to 53.08%. This indicates the presence of pyrite in these 
phosphatic sediments and ultimately a reducing environment of 
deposition. The recalculated values are given in Table-XI. 
CaO - Fe2^3 " '^-'-2'-^3 * 
This diagram reveals that most of the points lie along 
CaO - Fe20^ line and ^2*^3 does not increase beyond 5 per cent. 
This indicates that the rocks are having more iron content than 
• »HOSfH0«ITI,MAl.O£O1A 
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the argillaceous contents. Table-XII, represents recalculated 
values to 100 weight percentage {Fig. 31). 
Na^O + K^O •- CaO - Fe^ O^., + FeO 
In the diagram Na20 + K20 - CaO - Fe202 + FeO most of 
the points lie near Ca-corner and spreading towards Fe 0 + FeO 
With notmore than 4 per cent of Na20 + K2O. This indicates that 
concentration of alkalies is very low in these sediments pointing 
that the deposition of phosphate might have been favoured by 
slightly alkaline medium (Fig. 31). The recalculated values are 
given in Table-XIII. 
P2Q5 •- CaO + MgO -• Si02 : 
Figure-32 shows the variation in P2O5 - ^^'^ + MgO - SiO 
with scatter of points widening towards the Pn^s " ^^^? side. 
The plot reveals higher percentage of CaO + MgO with moderately 
high percentage of PpOc* The recalculated values of these oxides 
are given in Table-xiV. 
MgO - Fe20^ + FeO - Na20 + K2O : 
This diagram represents the variation in percentage of 
these contents in the phosphatic and associated sediments. The 
points are scattered and most of them lie along the Fe 0 ~ FeO 
COOJOO 
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line indicating moderately high percentage of iron content as 
compared to alkalies and MgO (Table-XV, Fig. 32). 
It has been observed that in all rock types when P-0^ 
plotted against SiO^, MgO, Fe^O^, an inverse relationship is 
observed which indicates a gradual replacement of these oxides 
by Po'^ s ^^^^"^9 diagenesis. 
The bedded chert, black carbonaceous shale and phosphate 
rock are the dominant rock types, found in chert member. Nothing 
definite could be stated regarding the source of silica and 
phosphorus and also factors responsible for their concentration 
and precipitation but following observation have been noted. As 
regards the supply of silica and phosphorus the ultimate source 
should be sea water. 
Some workers have suggested that sea water may be enriched 
in silica due to some local source as volcanic ash (Rubey, 1929; 
Bramaitte, 1946; quoted by McKolvey, 1959), or submarine lava 
flows (McKolvey, 1959) whereas others (Terr and Twenhofel, 1932) 
believe the silica to be derived from chemical weathering of 
continents. Micro-crystalline silica has been ascribed to be 
formed by progressive reconstitution of amorphous opaline silica 
(Pettijohn, 1949). 
The role of bacterial action can not be completely ruled 
out as a source of silica and phosphorus. It has been observed 
from simple relationship of P^^c v;ith CaO (Fig. 15) that a 
positive correlation exists between the two v/hich indicates that 
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P^O increases with the increase of CaO. Petrochemical fields 
and trends reveal that in the diagrams having GaO on one of the 
corners of the triangle, most of the plotting points lie towards 
the CaO corner. This indicates that the concentration of CaO is 
higher in these sediments which may be derived from organisms 
present in sea water. As CaO is positively correlated with PoOj. 
it can be said that conditions were favourable for the growth of 
life and much of the silica and phosphorus required for the 
formation of chert phosphate sequence could have been derived 
by the decay of phytoplanktons. Similarly the phytoplanktons 
are also considered to be the source of the carbonaceous matter 
in these shale. 
The variation in chemical composition represents on one 
hand the change in the supply of material while on the other a 
variation in physico-chemical nature of the basin of deposition. 
The precipitation of CaCO_ indicates that the climate was warm 
but arid and therefore, only a few rivers flowed into the basin 
from bordering land, bringing very little detrital material. 
It has been observed from the triangular diagrams that 
iron content is moderately high in these rocks indicating the 
presence of pyrite which suggests a reducing environment with 
negative Eh possibly due to restricted circulation. The alkalinity 
fluctuations were presumably around 7.8 as phosphate rock 
indicates pH values less than 7.8 but the associated dolomite 
and calcite indicate pH values greater than 7.8. A little change 
in the pH of 7.8 might facilitate the formation of phosphate. 
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carbonate of silica. It is noticed from the diagrams that the 
concentration of Na-O and K^O is very low in these rocks. This 
indicates that in an euxinic environment the deposition of 
phosphate might have been favoured by slightly alkaline medium, 
often ranging to very weakly acidic medium. 
Other factors might also be responsible for the facies 
variation and formiation of euxinic sediments of chert member of 
Tal Formation. 
The mode of formation of Mussoorie phosphorite could be 
summarised in the following stages. 
1. Restricted circulation in a sheltered sea floor depression 
or calm and tranquil basin (e.g. inland sea, gulf of 
embayment) under shallow water (30 m to 20 m) condition. 
2. The influx of water with high phosphate concentration 
from rivers and possibly also from deeper part of the 
sea by upwelling. 
3. Concentration of dissolved phosphorus by organism 
(phytoplanktons and algae) and its sinking to the sea 
floor after their death. The decay of organism also 
produces ammonia and ammonium salts, which are converted 
into nitrates. Phosphorus and nitrates, in turn support 
more life. The cycle continues till the amount of soluble 
phosphates in mud increases on. sea' bottom, beyond the needs 
of the organisms living above. The restricted circulation 
preserves the phosphate rich solution from dissipating in 
the open seas. 
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4. The soluble phosphates in the mud, reacts with the 
accumulating calcium carbonate or with Ca ions to 
give insoluble calcium phosphate. The amount of free 
calcium carbonate in the rock depends on the balance 
++ between the Ca present in the medium and the generated 
soluble phosphate ions. 
5. Concentration of phosphates in the mud, possibly leads 
to the formation of phosphate pellets, lenticles, ovules, 
oolites, cement, etc. 
6. Removal of fines and non-phosphatic material by mild waves, 
further enriched the phosphate beds. 
7. Later concentration of phosphates may have taken place 
during diagenetic processes. 
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CHAPTER-VI 
SUMMARY AND CONCLUSION 
This work presents the results of mineralogical and 
geochemical study of phosphatic sediments in parts of Mussoorie, 
Dehradun (U.P.). The Mussoorie phosphorites v/hich occur both on 
the northern and southern flanks of the Mussoorie syncline are 
associated with a carbonaceous shale-chert-limestone succession 
which is recognised as an ideal phosphatic suite of rocks or 
lithological setting for the deposition of marine phosphorites. 
The main phosphorite horizon occurs between the chert and black 
shales. The sequence chert-phosphorite-black shale conformably 
overlies the Krol Formation which is predominantly made up of 
limestones and dolomitic rocks. 
According to their mode of occurrence, the phosphorites 
of the area under investigation could be grouped as granular, 
pelletal, nodular, lenticular, bedded and bedded massive. 
Microscopic studies of these sediments have revealed that 
cellophane is the dominating phosphate mineral while the calcite 
and dolomite are predominant gangue. Quartz chert and carbonaceous 
matter are present in variable and insignificant amount. In 
some of the thin sections pyrite is seen intimately associated 
with cellophane forming irregular alternate bands. Other 
associated minerals as calcite is in the form of veins intensely 
traversing the massive cellophane, angular quartz grains and 
clayey matter. 
S3 
Texturally the collophane occurs as ovules, aggregated 
ovules, oolites, pellets, nodules or an interstitial material 
between gangue mineral grains or as structureless massive form. 
Replacement of collophane by carbonate material is also noted 
(PI. II, Fig. 3). 
The chemical analysis of selected samples of phosphatic 
sediments from Maldeota and Durmala reveals that most comm.on 
type of phosphorite in Mussoorie area contains about 15% to 28% 
P20^. The CaO content ranges from 23.10% to 42.80% while MgO 
varies from 0.9 0% to 6.10%. The SiO^ is about 6.10% to 2 0.50%. 
Alkalies (Na20 and K2O), alumina (AI2O3) and Titania (Ti02) are 
low in concentration. 
In order to know their geochemical behaviour in phosphatic 
environment the relationship of Pj^'^ with other major oxides 
such as Si02, CaO, MgO, Fe203, Na20, K2O, H2O and CO2 was 
plotted. The results which have been shown in Figure-15 to 27 
indicate that there is a gradual decrease in SiO^ and MgO 
with the increase in P2^5 content. Alkalies (Na20 and K2O), 
iron {Fe^O^) and Alumina (AI^O-) also have the same relationship 
with P2O5 content as that of Si02 and MgO. On the other hand 
there is a progressive increment in CaO and H^O. 
It has also been observed that the ratio of CaO/MgO 
increases with the decrease in the ratio of iron and aluminium 
oxide and vice-versa. There is an increase in CaO/MgO ratio 
with the increase in NapO/K-O. 
S4 
The distribution of various chemical constituents shov/ 
a wide variation from rock to rock, in various lithological 
units of the area as has been shown in Table-Il and represented 
by Figures-4 to 14. It is evident from the Figures that percentage 
of P2O5 is higher (10.30% to 31.10%) in phosphorites than in 
shale (6.30% to 15.7%) and limestone where it is negligible. 
CaO percentage is higher in shale and limestone (38% to 43.40%) 
than the phosphorites. MgO is comparatively low in phosphorites 
than other associated sediments. SiO is higher in shale than 
phosphorites. The percentage of alkalies and alumina is quite 
low in all these phosphatic and associated sediments. Fe_0 is 
much higher (up to 24.90%) in phosphatic sediments than others. 
C0„_ percentage is higher in these rocks due to the presence of 
calcareous matter. In phosphorites it varies from 5.57% to 22.95%, 
in shale it lies from 7.62% to 8.93% and in limestone it is 
20.39%. The water contents are from 1.12% to 2.59% indicating 
hydrated nature of the sediments. 
This variation in chemical composition represents the 
changes in the supply of material and a variation in physico-
chemical nature of basin of deposition. 
The higher percentage of CaO indicates that these 
sediments may be derived from organisms present in sea water. 
The conditions were favourable for the growth of life and much 
of the silica and phosphorus required for the formation of chert 
phosphate sequence could have been derived by the decay of the 
phytoplanktons. Similarly the phytoplanktons are also 
So 
considered to be the source of the carbonaceous' matter in these 
shales. The precipitation of CaCO- indicates a warm and arid 
climate and therefore only a few rivers flowed into the basin 
from bordering land, bringing very little detrital material. 
It has been observed from these circular and triangular 
diagrams that iron content is moderately high in these rocks 
indicating the presence of pyrite which suggests a reducing 
environment. The low concentration of ^a^^ ^^^ ^2^ indicates 
that in an euxinic environment the deposition of phosphate might 
have been favoured by slightly alkaline medium, often approaching 
a very weakly acidic medium. 
The antipathetic or inverse relationship of ^2^5 with 
SiOj, MgO indicates a gradual replacement of these oxides by 
PpO^ during diagenesis. 
Evidence for such diagenesis is abundant both in the form 
of replacement of phosphate grains, pellets and nodules as well 
as replacement observed in matrix. Many at times phosphate 
pellets are embedded in a carbonate matrix and it is interpreted 
that the original phosphate content has been replaced by carbonate 
but an alternative interpretation would be to consider an inter-
basinal transport of earlier formed phosphate pellets and their 
redeposition contemporaneous with the precipitation of chiefly 
carbonate mud may also not be ruled out. 
This mutual replacement of phosphate, carbonate and 
silica, as occasionally found in these sediments, could be 
explained possibly by the physico-chemical conditions of the 
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precipitation of the radicals-phosphate/ carbonate and silica, 
controlled by the pH of the environment." A little change in the 
pH of 7.8 might facilitate the formation of the one or the 
other of these three. Thus a slight change in temperature and/or 
depth of water, could be responsible for the preferential 
precipitation of these phosphate carbonate and silica. 
It was observed that pyrite is intimately associated with 
these phosphorites. It is concluded from this intimate associatioi 
of pyrite that during the formation of phosphorite layers, the 
environment of precipitation of diagenetic phosphatization has 
been a reducing environment. 
The presence of organic matter also suggest a reducing 
environment with negative Eh, possibly due to restricted 
circulation. 
Anaerobic environment is indicated for the deposition 
of the entire phosphorite suit whether during the formation 
of primary chert, carbonate and phosphate layers or during the 
early diagenetic modification. 
The carbonaceous shales associated with phosphorite also 
confirm existence of anaerobic conditions. 
From the study of forms, lithological, chemical and 
mineralogical assemblages it is inferred that these phosphatic 
sediments are original precipitates of waters and were not 
formed by replacement. This chemical precipitation phenomenon 
was controlled by the physico-chemical characters of the medium 
such as the change in Eh-pH and supply of the material. In the 
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granular phosphorites, the phosphate minerals occur as rounded 
granules embedded in a carbonate matrix. Had they been formed 
by replacement, it was more probable that the granules would be 
of irregular shapes, replacing the irregular grains of carbonate 
minerals . 
Table-I 
Sample 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
No. 
: C 
^2 
28 
23 
31 
15 
16 
10 
20 
18 
21 
7 
6 
15 
N.] 
21 
89 
Table- I l : Data showing the d i s t r i b u t i o n of major elements in 
var ious l i t h o l o g i c a l un i t s in p a r t s of Mussoorie, 
Dehradun. 
S . N O . 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
E l e m e n t s 
^2^5 
CaO 
MgO 
SiO^ 
AI2O3 
^ ^ 2 ° 3 
FeO 
Na2 0 
K^O 
H^O 
CO2 
Pho 
1 0 . 3 0 
2 3 . 1 0 
0 . 9 0 
6 . 1 0 
0 . 3 0 
2 . 1 6 
0 . 2 7 
0 .06 
0 . 0 3 
1.12 
5 . 5 9 
i s p h o r i t e s 
^ 
-
-
-
-
-
-
-
-
-
-
3 1 . 1 0 
4 2 . 9 0 
6 . 1 0 
2 0 . 5 0 
2 . 0 0 
2 4 . 9 0 
2 . 6 0 
1 .01 
1 .38 
2 . 5 9 
2 2 . 9 5 
Sha 
2 0 . 1 0 
1.20 
4 . 5 9 
0 .74 
3 8 . 0 0 
1.50 
6 . 3 0 
0 .16 
0 .15 
1 .83 
7 .62 
l i e 
— 
-
-
-
-
-
-
-
-
-
-
2 4 . 0 5 
2 . 6 0 
9 . 8 0 
0 .99 
4 3 . 4 0 
2 . 4 0 
1 5 . 7 0 
2 . 5 9 
3 . 1 0 
2 . 1 5 
8 . 9 3 
Kro l 
L i m e s t o n e 
N.D. 
4 3 . 2 0 
1 6 . 9 0 
10 .12 
0 . 8 0 
2 .34 
1.86 
0 . 9 0 
0 .60 
1.58 
2 0 . 3 9 
30 
Table-lll : GaO/MgO and Na2 0/K2 0 ratios in various lithological 
units in parts of Mussoorie, Dehradun. 
Sample No. CaO/MgO Na2 0/K2 0 
1 41.00 1.43 
2 29.50 3.53 
3 3 0.23 2.05 
4 6.34 1.71 
5 23.67 0.15 
6 19.25 1.45 
7 47.67 2.40 
8 6.77 2.59 
9 8.56 2.00 
10 28.93 0.86 
11 17.75 0.76 
12 38.00 1.07 
13 2,56 1.50 
14 6.40 1.22 
91 
Table-IV : CaO/MgO and Fe^ '^ B "*" '^^^/^^2'^3 ^^^^^^ °^ various 
lithological units in parts of Mussoorie, Dehradun, 
Sample No. CaO/MgO ^^2°3 "^  '^^^^^^2^3 
1 4 1 . 0 0 3 .69 
2 2 9 . 5 0 8 . 1 0 
3 3 0 . 2 3 7 . 1 1 
4 6 . 3 4 2 . 7 6 
5 2 3 . 6 7 5 .45 
6 1 9 . 2 5 13 .75 
7 4 7 . 6 7 1.76 
8 6 . 7 7 4 . 3 5 
9 8 . 5 6 5 .25 
10 2 8 . 9 3 2 . 1 5 
11 1 7 . 7 5 3 .83 
12 3 8 . 0 0 8 .92 
13 2 . 5 6 5 .25 
14 6 . 4 0 6 .56 
!J2 
T a b l e - V : CaO + MgO and Na20 + K2O r a t i o s i n v a r i o u s l i t h o l o g i c a l 
u n i t s i n p a r t s of M u s s o o r i e , D e h r a d u n . 
Sample No. CaO+MgO ^^2^ ^ ^2^ 
1 4 1 . 0 0 0 .73 
2 3 6 . 6 0 0 . 6 8 
3 4 0 . 6 0 0 .64 
4 4 4 . 8 0 1.22 
5 3 7 . 0 0 1.59 
6 2 4 . 3 0 1.18 
7 4 3 . 8 0 1.43 
8 4 7 . 4 0 0 .97 
9 4 7 . 8 0 0 .09 
10 4 4 . 9 0 5 . 6 0 
11 4 5 . 0 0 5 . 4 5 
12 3 8 . 0 0 0 .31 
13 6 0 . 1 0 1,50 
14 4 5 . 9 0 1.31 
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T a b l e - V I : CaO + MgO and FeO + '^^2^2 "*" '^-'•^2 ^s"^ i °^ ^^ v a r i o u s 
l i t h o l o g i c a l u n i t s i n p a r t s of M u s s o o r i e , Dehradun , 
Sample No. CaO + MgO FeO + Fe202 + TiO 2 
1 4 1 . 0 0 5 . 9 0 
2 3 6 . 6 0 2 . 4 3 
3 4 0 . 6 0 9 . 2 5 
4 4 4 . 8 0 3 .04 
5 3 7 . 0 0 1 0 . 8 9 
6 2 4 . 3 0 3 7 . 5 0 
7 4 3 . 8 0 3 . 0 0 
8 4 7 . 4 0 5 .22 
9 4 7 . 8 0 4 . 2 0 
10 4 4 . 9 0 5 . 6 8 
11 4 5 . 0 0 9 . 1 9 
12 3 8 . 0 0 1 0 . 7 0 
13 6 0 , 1 0 4 . 2 0 
14 4 5 . 9 0 4 . 5 9 
n't 
T a b l e - v i i : R e c a l c u l a t e d v a l u e s of AI2O3/ K2O and SiO^ 
Sample No. ^^2^3 ^2° ^^^2 
1 20.00 3.75 76.25 
2 2.70 1.35 95.63 
3 12.94 2.09 84.96 
4 7.93 3.24 88.82 
5 8.39 5.79 86.02 
6 9,86 2.36 87.77 
7 9,12 2,25 88.61 
8 9.25 2,08 88.66 
9 6.62 0,24 93.12 
10 8.70 10.14 81.08 
11 9.37 12.10 78.51 
12 4.92 0.61 94.46 
13 6.94 5.20 87.84 
14 6.36 5.36 88.26 
3o 
T a b l e - V I I I : R e c a l c u l a t e d v a l u e s of AI2O3 + ^e^O^ + FeO, Si02 
and CaO + MgO. 
Sample No. Al2 02+Fe2 02+FeO S i02 CaO + MgO 
1 1 3 . 7 3 1 1 . 1 7 7 5 . 0 9 
2 5 . 4 6 2 1 . 2 7 7 3 . 2 5 
3 1 7 . 7 4 1 4 . 3 4 6 8 . 2 9 
4 6 . 7 0 2 0 . 1 1 7 3 . 1 3 
5 1 8 . 3 1 2 9 . 1 2 5 2 . 5 6 
6 4 1 . 0 8 2 4 . 7 9 33 .84 
7 7 . 2 3 2 4 . 3 8 6 7 . 3 8 
8 9 . 8 2 1 7 . 6 0 7 2 . 5 6 
9 7 . 8 0 1 7 . 5 6 7 4 . 6 2 
10 1 0 . 6 0 3 1 . 1 8 5 8 . 2 1 
11 1 5 . 1 1 2 6 . 2 0 5 8 . 6 7 
12 1 6 . 3 1 3 1 . 5 8 5 2 . 0 9 
13 6 . 6 4 1 3 . 4 5 7 9 . 9 2 
14 8 . 6 8 1 5 . 9 3 7 5 . 3 8 
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Table-IX : Recalculated values of CaO, Na20 and K2O. 
Sample No. CaO Na20 K2O 
1 9 8 . 2 5 1 .03 0 .71 
2 9 8 . 1 1 1.46 0 .41 
3 9 9 . 6 4 1.09 0 .53 
4 9 6 . 9 4 1.92 1.12 
5 9 5 . 7 1 0 .56 3 .72 
6 9 5 . 1 4 2 . 0 8 1.97 
7 9 6 . 7 7 2 . 2 7 0 .94 
8 9 7 . 7 0 1.65 0 .63 
9 9 9 . 7 9 0 . 1 3 0 .06 
10 8 8 . 5 7 5 . 2 8 6 .14 
11 8 8 . 6 5 4 . 8 9 6 .45 
12 • 9 9 . 1 9 0 . 4 1 0 .39 
13 9 6 . 6 4 2 . 0 1 1.34 
14 9 6 . 8 0 1.75 1.43 
9? 
T a b l e - X : R e c a l c u l a t e d v a l u e s of MgO, CaO and A l ^ O . . 
Sample No. MgO CaO ^-'-2°3 
1 - 9 6 . 2 4 3 .75 
2 3 .25 9 5 . 9 3 0 .81 
3 3 . 1 0 9 3 . 7 9 3 .10 
4 1 3 . 2 8 8 4 . 3 1 2 . 3 9 
5 3 .84 9 1 . 0 2 5 .12 
6 4 . 5 6 8 7 . 8 3 7 . 6 0 
7 - 1 .97 9 4 . 2 8 3 .73 
8 1 2 . 5 5 8 4 . 9 7 2 . 4 6 
9 1 0 . 2 8 8 8 . 6 0 1.64 
10 3 .15 9 1 . 3 6 5 .47 
11 5 . 0 6 8 9 . 8 7 5 .06 
12 - 9 6 . 9 3 3 .06 
13 2 7 . 7 5 7 0 . 9 3 1.31 
14 1 3 . 3 0 8 5 , 1 9 1.50 
9S 
Table-XI : Recalculated values of MgO, CaO and '^^2^2, "^  F^^* 
Sample No. MgO CaO Fe„0 + FeO 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
3.07 
2.66 
12.75 
3.13 
2.31 
1.92 
11.59 
9.61 
2.97 
4.42 
26.28 
12.27 
8 7 . 4 2 
9 0 . 6 9 
8 0 . 4 5 
8 0 . 8 7 
7 4 . 1 2 
4 4 . 5 9 
9 1 . 6 6 
7 8 . 4 8 
8 2 . 3 0 
8 5 . 9 7 
7 8 . 6 1 
7 8 . 0 2 
6 7 . 1 8 
7 8 . 6 2 
1 2 . 5 7 
6 .22 
1 8 . 9 3 
6 . 3 5 
2 2 . 7 3 
5 3 . 0 8 
6 . 4 1 
9 . 9 2 
8 .07 
1 1 . 2 5 
1 6 . 9 5 
2 1 . 9 7 
6 . 5 3 
9 . 0 9 
9J 
Table-XII : Recalculated values of CaO, — 2 0 ^ (total) and AI2O3 
Sample No, CaO 
^^2°3 AI2O3 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
84.5 3 
92.84 
78.83 
90.33 
73.36 
43.91 
89.74 
86.54 
89.53 
84.14 
78.61 
76.15 
89.62 
88.24 
12.16 
6.37 
18.35 
7.09 
22.50 
52.28 
6.27 
10.93 
8.78 
10.81 
16.95 
21.44 
8.71 
10.20 
3.29 
0.78 
2.60 
2.56 
4.13 
3.80 
3.55 
2.51 
1.67 
5.04 
4.42 
2.40 
1.65 
1.55 
• iJ 
Table-XTII : Recalculated- values of Na2^ + ^2^' ^ ^ ° ' ^^2°3 "*• ^ ^ ° ' 
Samole No. Na2 0+K20 CaO Fe20 +FeO 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1 .53 
1,76 
1 .30 
2 . 8 3 
3 . 3 1 
2 . 2 7 
3 .02 
2 . 0 4 
0 . 1 9 
1 0 . 2 4 
9 . 5 2 
0 . 6 3 
3 . 0 6 
2 . 8 7 
86.08 
91.92 
79.89 
90.08 
73.98 
44.61 
90.64 
86.96 
90.88 
79.37 
74.42 
77.53 
88.34 
87.06 
12.38 
6.31 
18.80 
7.07 
22.69 
53.10 
6.33 
10.99 
8.91 
10.38 
16.05 
21.83 
8.58 
10.06 
1 ( ) 1 
Tab le -XIV : R e c a l c u l a t e d v a l u e s of P o ^ S ' ^^'^ "^  "^ "^ ^ ^^'^ ^^^2 
Sample No. P20^ CaO+MgO Si02 
1 3 7 . 8 6 5 4 . 0 8 8 .04 
2 3 3 . 0 3 5 1 . 0 4 15 .02 
3 3 8 . 7 6 5 0 . 6 0 1 0 . 6 3 
4 2 1 . 4 5 6 1 . 6 0 16 .94 
5 5 0 . 2 7 5 0 . 2 7 2 7 . 8 5 
6 4 6 . 3 7 4 6 . 3 7 3 3 . 9 6 
7 5 4 . 3 4 5 4 . 3 4 2 0 . 4 7 
8 6 1 . 5 2 6 1 . 5 2 14 .92 
9 5 9 . 6 3 5 9 . 6 3 1 4 . 0 3 
10 5 8 . 9 6 5 8 . 9 6 3 1 . 5 8 
11 6 3 . 0 2 6 3 . 0 2 2 8 . 1 5 
12 4 9 . 5 1 4 9 . 5 1 30 .02 
13 8 5 . 5 8 8 5 . 5 8 1 4 . 4 1 
14 5 9 . 9 2 5 9 . 9 2 1 2 . 6 6 
11)2 
Table-XV : R e c a l c u l a t e d v a l u e s of MgO, Fe202 + FeO and Na20 + K^' 
Sample No. MgO Fe20 2+FeO Na20+K2 0 
1 - 8 8 . 9 8 1 1 . 0 1 
2 2 7 . 8 4 5 6 . 3 8 1 5 . 7 7 
3 1 1 . 6 1 8 2 . 6 6 5 . 7 1 
4 5 8 . 8 8 2 9 . 3 6 1 1 . 7 7 
5 1 0 . 7 2 7 7 . 8 9 1 1 . 3 7 
6 4 . 0 2 9 2 . 2 8 3 .95 
7 1 6 . 8 8 5 6 . 2 8 2 6 . 8 2 
8 4 9 . 6 3 4 2 . 4 7 7 .89 
9 5 3 . 8 2 4 5 . 2 0 0 .96 
10 1 1 . 7 3 4 4 . 4 4 4 3 . 8 1 
11 1 4 . 0 8 5 3 . 9 3 3 1 . 9 8 
12 _ 9 7 . 1 8 2 . 8 1 
13 7 4 . 7 7 1 8 . 5 8 6 . 6 3 
14 5 1 . 2 3 3 7 . 9 3 10 .82 
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PLATE-I 
Figure-1 Photomicrograph showing oolitic form of cellophane 
(col) and Dahllite (D) (colourless rim surrounding 
the cellophane) 
(Reflected light ... 12.5 x/0.25) 
Figure-2 Photomicrograph of phosphate pellets showing 
concentric internal structure having carbonate 
core and uniform ring. Phosphate material has 
been partially replaced by carbonate in phosphate 
nodule. 
(Crossed nicols ... 12.5 x/0.25). 
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Figure-3 Photomicrograph showing complete replacement of 
phosphate material by carbonate in a phosphate 
ovale consisting of two distinct parts, the nucleus 
and envelope. 
(Reflected light ... 25 x/0.50). 
Figure-4 Photomicrograph showing non-uniformly distributed 
pyrite (Py) grains and inclusions of angular small 
clastic quartz (Qtz) grains in a large phosphate 
pellet enclosed in a carbonate matrix. 
(Crossed nicols .... 5 x/O.lO). 
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PLATE-III 
Figure-5 Photomicrograph showing in enlarged calcite (cal) • 
grain with perfect rhombohedral cleavages. 
(Crossed nicols .... 0,3 x/0,12). 
Figure-6 Photomicrograph showing alternate veins of massive 
cellophane and cryptocrystalline quartz. 
(Crossed nicols ..... 
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PLATE-IV 
Figure-7 Photomicrograph showing microcrystalline quartz 
veins in carbonate matrix. 
(Crossed nicols 63 x/0.12). 
Figure-8 Photomicrograph showing calcite veins in phosphate 
matrix. 
(Crossed nicols 6.3 x/0.12). 
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PLATE-V 
Figure-9 Photomicrograph shov/ing combination of ovulite 
and microaphanite texture. 
(Crossed nicols 6.3 x/0,12). 
PLATE-V 
Cat V . 
* 
ft 
F I G.-9 
